INTRODUCTION
Many physical phenomena develop elliptic problems in exterior regions, for examples, the flow of an incompressible irrotational fluid about a body and the study of electrostatics exterior to given surfaces are described by the Laplace equation (see, [1] and references therein). However, the unboundedness of the domains brings about the essential difficulty for solving these problems, and therefore, various methods known as coupling of BEM and FEM, the FEM with artificial boundary conditions and the domain decomposition method (DDM) had been constructed for the numerical solution of this kind of problems [2] [3] [4] . In particular, the DDM not only overcomes shortcoming of the stiffness matrix being not sparse banded in the coupling method, but allows the establishment of different mathematical models on different sub-regions and can achieve a high degree of parallel computing.
In this paper, we propose an overlapping DDM for solving the exterior Laplace equation with mixed boundary conditions, which is more general than the usually considered Dirichlet boundary condition. In Section 2, we prove the geometric convergence for the Schwarz alternating method. The accuracy and efficiency of this method is demonstrated in Section 3. Final remarks are given in Section 4.
II. SCHWARZ ALTERNATING ALGORITHM AND ITS CONVERGENCE
Consider to solve the following exterior mixed boundary value problem of the Laplace equation:
x y n n n  is the outward unit normal vector on N  . As long as u is bounded at infinity, there is a unique solution u of the problem (1),
The corresponding variational form of (1) is
Step 2. Solve a Mixed boundary value problem in bounded domain 1  :
Step 3. Solve a Dirichlet boundary value problem in unbounded domain 2  :
. 

Step 4.
Step 5. If ( ) h e k is small enough, stop; else turn to Step 2.
Then (3) is equivalent to the following variational problem:
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Then (3) and (4) are equivalent to the following variational problems: 
can be written as
, .
This yields to V and 2 V satisfy: 1  2  2 2  1  2  1  1  2  2  1  1 , , 
The numerical results are given in Table 1 and Figure 1 . Table 3 indicates that the larger the overlapping of subdomains is, the faster the convergence rate is.
IV. CONCLUSIONS
In this work, we propose a Schwarz alternating algorithm for solving the Laplace equation with the mixed boundary conditions in the unbounded domain, and prove the corresponding geometric convergence. By means of this algorithm, a large scale multidimensional problem can be turned into two smaller discrete subproblems, which can reduce computing scale greatly. Moreover, its parallel computation in different subspaces can improve the efficiency. This algorithm gives a necessary complement to other methods in accordance with the feature of exterior problems. Two examples confirm the theoretical results and demonstrate the advantage in accuracy and efficiency.
